Background {#Sec1}
==========

Adverse pregnancy outcomes are significant health challenges for women in the periconceptional period as well as infants. These include pregnancy bleeding, hypertensive disorders and sepsis, which lead to more than half of the maternal deaths \[[@CR1]\]. It is estimated that about 14.9 million preterm infants are born every year, accounting for 11.1% live births, and more than half of them are born in Asian and African countries including China \[[@CR2]\]. The mortality rate of infants and children under the age of 5 in China was significantly lower in eastern and urban areas compared with mid-western and rural areas \[[@CR3]\]. A cross-sectional survey of a large sample of Shaanxi Province revealed that the incidence of adverse pregnancy outcomes was 25.45%, which was higher than the national average level \[[@CR4]\]. According to the government data on birth defects in the Shaanxi province, the prevalence in the last ten years showed a steady rate and did not decline with time (Additional file [1](#MOESM1){ref-type="media"}: Table S1). After several years of government efforts to promote folic acid (FA) supplementation in pregnant women, the prevalence of neural tube defects (NTDs) in China has been decreased from 11.40‰ in 2000 to 5.74‰ in 2010 and 2.81‰ in 2014, and its rank in birth defects remained stable in the top 10 \[[@CR5]\]. The NTDs are also considered as the main reason for birth defects in developed countries \[[@CR6]\].

Therefore, it is necessary to adopt preventive measures to control and relieve the occurrence of these diseases. Primary prevention including specific practices of health promotion, protective procedures, detection and regulation of environmental pollutants is considered as an essential way for adverse pregnancy outcomes remission. Previous studies have demonstrated that about 70% of adverse pregnancy outcomes such as birth defects are effectively prevented or cured with proper care \[[@CR7]\]. One critical step for the primary prevention practice is to investigate the knowledge, attitude and practice (KAP), which mainly evaluates the understanding and grasping of knowledge, attitude and expectation as well as related behaviours of the participants. It is confirmed that KAP interacted with each other. This survey was conducted based on the principle that increasing knowledge results in changing attitudes and practices to minimise disease burden \[[@CR8]\]. Some practices can be accepted before knowledge increase and attitude change to alter people's awareness of diseases and their physical condition and reduce the number of diseases and social burden \[[@CR9]\]. Understanding the KAP level remains helpful to identify the knowledge gap and determine behaviours of the public to further plan and implement for the prevention of adverse pregnancy outcomes.

Scientific evidence has demonstrated that some risk factors and protective factors such as FA \[[@CR10]\] and micronutrient supplementation \[[@CR11]\] were correlated with adverse. FA supplementation during the periconceptional period has been started to popularise since the 1990s in China to reduce adverse pregnancy outcomes, especially the birth defects. According to a previous study that focused on the preventive knowledge of FA in Shanghai, more than half of the people did not understand the role of FA, and only one-third of the women knew the right time for taking FA \[[@CR12]\]. However, in Israel and America, the number of women with the knowledge of FA roles (80.8% & 74%) and the right time to take folic acid supplements (74.6% & 55%) are higher than Shanghai \[[@CR13], [@CR14]\]. The rate of FA regular usage in Shaanxi (11.2%) was more upper than Korea (10.3%) but lower than Japan (85%) \[[@CR15]--[@CR17]\].

Also, premarital, pre-pregnancy and prenatal examinations are the three routine inspections recommended for women at the periconceptional period to ensure the health of both mothers as well as children and the examination results are directly related to the adverse pregnancy outcomes \[[@CR18]\]. In China, the number of women at the periconceptional period undertaking routine examinations and participation in the awareness programs of pre-pregnancy health in public is still quite limited compared to developed countries \[[@CR19]\].

Since 2009, the provincial government of Shaanxi decided to give away free FA supplements (0.4 mg/d) to all the women at the periconceptional period through the Family Planning System and Maternal and Child Health Care System. At the same time, the government switched their attention from secondary and tertiary prevention to primary prevention. After the implementation of government policies, attention has been paid on understanding and actions of primary prevention of adverse pregnancy outcomes in public, especially in women at the childbearing age. It is necessary to investigate the attitudes and behaviours of the society about the current policies as well as to provide evidence for the local government for formulating the priority targets and providing recommendations on the current actions regarding the primary prevention in Shaanxi. Hence, a cross-sectional study aiming at women at the periconceptional period was conducted in 2016--2017 to investigate the women's eugenic KAP level on adverse pregnancy outcomes as primary prevention.

Material and methods {#Sec2}
====================

Study objects {#Sec3}
-------------

From October 2015 to February 2017, 791 women were gathered in Yan 'an and Xi 'an, Shaanxi province, respectively. Eligible women were who prepared to pregnant in 3 months or at the duration of pregnancy, and lived in the local area for more than 1 year. For the participants from Yan'an, a stratified, random sampling method was used. Women who met the requirements were randomly selected from four counties (Baota, Ansai, Yanchang, Ganquan) out of thirteen counties. They were approached through the periconceptional healthcare lectures that we conducted in each selected county, which assisted by the Yan'an Health Committee. For participants in Xi'an, they were randomly selected from women who attended physical examinations in the First Affiliated Hospital of Xi'an Jiaotong University. Women were identified by asking the question that "Are you now in pregnant?" and "Do you have any plans for pregnancy in the latest three months?" into pre-pregnant and pregnant groups. The informed consent form was obtained from each participant and their phone numbers and residential addresses were recorded.

Study content and survey methods {#Sec4}
--------------------------------

Women were investigated and questioned by one-to-one interviews. The questionnaire was formulated by experts of family planning. All questions assessed the KAP level of women at the periconceptional period regarding periconceptional healthcare, including basic social demographic characteristics of the participants (age, location, education background for women and their husbands, average monthly family income, and pregnancy history); knowledge level on periconceptional health care (Knowledge section); the participation and demands of pre-pregnancy and prenatal examination (Attitude section), and FA taking compliance (Practice section).

The survey of KAP three sections has been completed at the time of recruitment for women who have been pregnant for more than 3 months. For women who were preparing for pregnancy and who have been pregnant but less than 3 months, only two parts of the survey, Knowledge and Attitude sections, have been completed at the time of recruitment. A Follow-up survey was conducted to investigate folic acid use during the 3 months before pregnancy (at the first prenatal examination) and the first trimester of pregnancy (at the 13--16^+ 6^ weeks' prenatal examination). Finally, A total of 791 valid questionnaires were obtained for the survey of Knowledge and Attitudes sections, of which 643 were obtained for complete folic acid supplementation information, due to 97 (12.23%) women who were preparing for pregnancy but were not pregnant, 51 (6.45%) women were lost to follow-up during pregnancy.

In terms of Knowledge part, 10 closed choice questions were designed aiming at the essential knowledge points of periconceptional healthcare such as the concept, and categories of birth defects, FA supplementation time and the importance of prenatal examination (details are shown in Additional file [2](#MOESM2){ref-type="media"}: Table S2). Except for the question "classification of birth defects" was multiple-choice, the remaining nine were single-choice questions. For the "classification of birth defects", we listed four most common birth defects for choices: anencephaly, hydrocephalus, cleft lip and palate, and congenital heart disease, and asked women to tick off the conditions they considered as birth defects. It was considered as classified correctly if all four options had been selected, missing or not selected were classified incorrectly. For the remaining nine single-choice questions, only one of the options was correct. For example, the question in terms of "the importance of prenatal examinations" was that "All my examinations before pregnancy were normal, do I need to have prenatal examinations?" The answer was "Yes, because the pre-pregnancy examinations cannot take the place of prenatal examinations", and the rest of the options were "No, because many items have been checked before pregnancy, it is enough to guarantee a healthy baby"; "Not necessarily required, prenatal examination is only necessary if there is a problem in pre-pregnancy check" and "Have no idea". Closed quantify scoring system was used for the 10 questions, where 1 question corresponded to 1 point. When the score was higher than or equal to 6, it was defined as knowledge pass.

For the attitude level, the participation rate of the pre-pregnancy and premarital examination was investigated as the women's attitude of periconceptional healthcare. Participation of regular examinations in this research was defined as women who planned to participate or had participated in the premarital examination and pre-pregnancy examination. The practice part was represented by FA taking. "FA taking every day" was defined as taking pills containing at least 0.4 mg FA every day without interruption during 3 months before pregnancy or the first trimester of pregnancy.

Statistical analysis {#Sec5}
--------------------

After data cleaning and quality check, all data were coded, and Epidata3.1 was used for data entry and logic error detection. Quantitative data were described as mean ± standard deviation, and categorical data were presented by rates or composition ratio. In terms of knowledge related to periconceptional health care, there were 10 questions in total. Each received one point for the correct answer of each item, and the score ranged from 0 to 10 points. After averaging the scores of all participants, the overall average score of the knowledge level was obtained. Presentation of all tables was executed by using Microsoft Excel 2010. Differences in the knowledge level, participation rate of regular examinations and FA taking were used as dependent variables to represent KAP level. Different demographic characteristics, such as women's region, age, location, educational background, and family income, were regarded as independent variables. Bivariate analysis such as ANOVA and χ^2^ test and multivariate logistic regression analysis were used to evaluate the influence of social demographic characteristics on KAP level. All data were analyzed by SPSS 20.0. *P* \<  0.05 was considered as statistical significance.

Ethical statement {#Sec6}
-----------------

This research was approved by the Ethics Committee of Science of Medical center, The First Affiliated Hospital of Xi'an Jiaotong University (No:XJTU1AF2017LSK-45). The written informed consent form was obtained from each participant who took part in this survey.

Results {#Sec7}
=======

Basic characteristics of women at the periconceptional period {#Sec8}
-------------------------------------------------------------

A total of 791 women at the periconceptional period finished our interview, which included 451 from Yan'an (located in the north of Shaanxi) and 340 from Xi'an (located in the middle part of Shaanxi). Among these interviews, the average age of the women was 28.42 ± 3.99 (with a maximum of 45 and a minimum of 19). The main age group was 26--30 years old, which accounted for 56.1%. The proportion of women living in city and suburb/rural areas was 72.0 and 28.0%, respectively. In all families, almost half of the women and their husbands were graduated from senior high school/college, and about 35.3% of them were undergraduates or above. Only 19.7% women and 21.3% of husbands were from junior high school or below. The family income ranged from 4000 to 12,000 RMB, accounting for 53.9%. 16.9% of women preparing for pregnancy, while 83.1% of them already had pregnancy during the investigation time, and 69.6% of them had no pregnancy experience at all (Table [1](#Tab1){ref-type="table"}). Table 1KAP overview and bivariate analysisTotalKnowledge\
Pass ^a^AttitudePracticePremarital examination ^b^Pre-pregnancy examination ^c^FA taking Pre-pregnancy ^d^FA taking everyday ^e^N%N%N%N%N%N%Total79110056371.239750.249462.527042.052781.6Region Yan an45157.0223757.828463.033775.69932.221269.1 Xi'an34042.9827683.411333.215746.217150.931592.9 χ^2^--56.2568.5771.3422.9061.06 P--\< 0.001\*\< 0.001\*\< 0.001\*\< 0.001\*\< 0.001\*Age  ≤ 2515820.27854.27648.19560.13025.08873.9 26--3044056.129872.223152.528064.118248.831583.8 31--3514118.09974.46445.48963.14639.09983.2  \> 35455.73577.82248.92762.81139.32485.7 χ^2^--20.282.540.7821.816.39 P--\< 0.001\*0.470.86\<  0.001\*0.09Location City56872.039373.327648.635462.720944.739183.2 Suburb/rural area22128.012059.112054.313963.56134.913677.3 χ^2^--14.002.070.055.022.99 P--\< 0.001\*0.150.870.03\*0.08Education Junior high school or below15519.76144.28152.310165.62622.27361.9 Senior high school/college35445.022867.518752.822162.812743.324684.2 Undergraduate or above27835.322184.412846.017162.011751.120588.4 χ^2^--69.043.160.5826.7239.07 P--\< 0.001\*0.210.75\<  0.001\*\<  0.001\*Husband education Junior high school or below16721.37650.79053.911367.73123.59067.7 Senior high school/college33442.821266.917050.920260.812043.323083.0 Undergraduate or above28035.922283.113447.917462.611751.520388.6 χ^2^--49.571.572.2427.2325.38 P--\< 0.001\*0.460.33\<  0.001\*\<  0.001\*Family income (per month)  ≤ 400030339.114853.216955.821270.46628.915768.9 4000--12,00041753.931278.419947.724358.716948.431389.2  \> 12,000547.04484.62138.92750.02853.84790.4 χ^2^--54.847.5614.2524.8841.27 P--\< 0.001\*0.02\*0.001\*\<  0.001\*\<  0.001\*Pregnancy history No55069.635869.027049.134262.421746.240084.4 Yes24030.415569.812652.515163.75330.612773.8 χ^2^--6.050.782.1912.539.35 P--0.015\*0.400.14\<  0.001\*0.002\*\*:*P* \<  0.05^a^ Women whose scores on the assessment of knowledge level were higher than or equal to 6 (*n* = 791)^b^ Women who planned to participate or had participated in premarital examinations (*n* = 791)^c^ Women who planned to participate or had participated in pre-pregnancy examinations (*n* = 791)^d^ women who started taking FA before pregnancy (*n* = 643)^e^ women who have taken pills containing at least 0.4 mg FA every day without interruption during 3 months before pregnancy or the first trimester of pregnancy (*n* = 643)

Knowledge level and bivariate analysis {#Sec9}
--------------------------------------

The results from Table [2](#Tab2){ref-type="table"} indicated that the average knowledge level score of 791 women was 6.32 ± 1.78, wherein 28.8% of women failed, and their average score was below 6 points. Most of the women acquired 7 points (20.4%), but only 10 women got full score. Besides, the importance of prenatal examination showed the highest awareness according to these 10 knowledge points, reaching 90.1%. Most of them lacked knowledge of the dosage of folate intake (8.6%). Table 2Bivariate analysis of knowledge levelAverage scorePass rateBirth defectsBirth defects classificationPrimary preventionNeonatal screeningMen's pre-pregnancy checkFA supplementary timeFA supplemetary dosageImportance of prenatal examinationAdvanced\
pregnancyThyroid dysfunction and eugenicsTotal6.32 ± 1.7871.282.972.267.385.868.446.48.690.163.367.5Age  ≤ 255.48 ± 1.7454.284.288.468.987.756.131.63.884.844.958.6 26--306.40 ± 1.7172.285.470.670.188.273.149.010.292.963.069.7 31--356.78 ± 1.6774.485.966.765.285.972.661.56.796.384.375.4  \> 356.96 ± 1.8377.884.473.375.688.971.148.920.095.684.477.8 F /χ^2^13.4620.280.4923.642.040.5716.4026.6613.4515.5557.4712.20 P\<  0.001\*\< 0.001\*0.98\<  0.001\*0.560.90\<  0.001\*\<  0.001\*0.004\*0.001\*\<  0.001\*0.007\*Location City6.54 ± 1.7173.386.572.170.888.772.352.610.793.467.070.4Suburb/rural5.74 ± 1.8159.181.776.465.785.163.434.13.787.658.165.4 t/χ^2^31.3614.002.801.441.851.865.7821.209.447.015.411.78 P\<  0.001\*\< 0.001\*0.110.240.190.170.018\*\<  0.001\*0.002\*0.008\*0.024\*0.20Education Junior highschool or below5.14 ± 1.7344.283.986.267.879.546.727.55.377.951.353.3 Senior high school/college6.21 ± 1.6967.582.471.171.887.669.043.67.194.064.266.5 Undergraduate or above7.06 ± 1.5584.490.070.068.192.383.262.612.296.771.780.1 F/χ^2^62.5669.047.4115.421.2514.7561.3951.137.5849.8017.8133.87 P\<  0.001\*\< 0.001\*0.025\*\<  0.001\*0.540.001\*\<  0.001\*\<  0.001\*0.023\*\<  0.001\*\<  0.001\*\<  0.001\*Husband education Junior high school or below5.31 ± 1.76550.784.486.570.183.452.424.87.383.244.955.8 Senior high school/college6.28 ± 1.74566.984.171.267.588.467.349.76.193.966.666.7 Undergraduate or above6.96 ± 1.50683.187.668.572.390.283.358.012.494.973.179.1 F/χ^2^47.2949.571.6918.601.624.5648.1645.918.1122.0637.3027.30 P\<  0.001\*\< 0.001\*0.43\<  0.001\*0.450.10\<  0.001\*\<  0.001\*0.017\*\<  0.001\*\<  0.001\*\<  0.001\*Family income (per month)  ≤ 40005.51 ± 1.66253.283.789.968.982.460.327.74.184.753.060.4 4001--12,0006.76 ± 1.63878.486.365.569.590.574.958.610.596.372.073.7  \> 12,0007.10 ± 1.77484.684.951.967.996.375.963.017.094.377.479.2 F/χ^2^52.3154.840.9268.790.0614.3318.6472.1314.6131.1731.2017.01 P\<  0.001\*\< 0.001\*0.63\<  0.001\*0.970.001\*\<  0.001\*\<  0.001\*0.001\*\<  0.001\*\<  0.001\*\<  0.001\*Pregancy history No6.29 ± 1.78569.083.172.070.388.169.449.78.591.562.269.1 Yes6.38 ± 1.76269.890.076.667.586.370.541.89.492.369.468.4 t/χ^2^0.450.056.051.770.570.500.104.080.180.153.620.04 P0.500.860.015\*0.220.490.480.800.043\*0.680.780.060.87\**P* \< 0.05

With increasing age of the women, the rate of knowledge transfer and the common knowledge were increased obviously among the participants. Women aged \> 35 obtained the highest average score (6.96 ± 1.83), women \< 25 years acquired the least average score (5.48 ± 1.74). In addition to the concept of birth defects, primary prevention, FA supplementary time and dosage, and neonatal screening showed significant differences in the average knowledge and overall knowledge passing rate among women of different ages. The average score and passing rate of women living in suburb/rural areas were significantly lower than those women living in cities, especially for women's pre-pregnancy examination, FA supplementary time and dosage, the importance of prenatal examination as well as high-risk pregnancy. With the improvement of the educational background of both women and their husbands, the knowledge level was promoted as well. Except for the concept of primary prevention, the passing rates of other questions were also increased significantly in women with higher education. Moreover, increased family income facilitated women's knowledge level apart from birth defects and primary prevention. However, pregnancy history showed no influence on the overall knowledge level of women at the periconceptional period, and the results were shown in Table [2](#Tab2){ref-type="table"}.

Attitude and practice level and bivariate analysis {#Sec10}
--------------------------------------------------

In terms of regular examinations, the proportion of 791 women who planned to participate or had participated in the premarital examination and pre-pregnancy check were 50.2 and 62.5%, respectively. The participation rate in the premarital examination was significantly lower than the pre-pregnancy check (χ^2^ = 221.215, *P* \<  0.001). In terms of FA use, majority of the women (94.2%) took FA during their pregestational and gestational periods, but less than half (42.0%) of the women started taking FA before pregnancy. There were 81.6% of women who insist on taking FA every day. However, only 37.9% of participants took FA regularly at the right time (Table [1](#Tab1){ref-type="table"}).

From Table [2](#Tab2){ref-type="table"}, it could be seen that the increase of family income significantly reduced the participation of premarital and pre-pregnancy examinations. Meanwhile, in terms of the right time to start taking folic acid, different factors including women's age, location, education of both women and their husband, and family income demonstrated apparent effects on FA use. More women who were aged 26--30, living in the city and had no birth took FA at the right time. Also, women and their husbands with higher educational background were more likely to take FA at the right time and insist on taking every day. The increase of family income promoted FA insistence. Compared with women who gave birth, women without any history of pregnancy insisted on taking FA every day.

Multivariate analysis of KAP {#Sec11}
----------------------------

From Table [3](#Tab3){ref-type="table"}, it could be seen that age was the main factor that influenced the Attitude and Practice level of women during the periconceptional period. Compared to women aged \< 25 years, more women of 26--30 years were willing to take FA in the right time (OR:2.21, 95%CI:1.33--3.70) and insist on taking every day (OR:2.30, 95%CI:1.34--3.96), and were positively associated with high rates of premarital (OR:1.82,95%CI:1.12--2.81) and pre-pregnancy examinations (OR:2.03, 95%CI: 1.29--3.21). Besides, the knowledge pass rate was increased with education level whereas the significant association was only shown for senior high school or college category (OR: 1.69, 95%:1.02--2.78). However, a negative association was found between women with birth experience and intake of FA consistently at the right time. Table 3Multivariate analysis of KAPKnowledge pass ^a^AttitudePracticePremarital examination ^b^Pre-pregnancy examination ^c^FA taking pre-pregnancy ^d^\
Pre-pregnancy d\
Pre-pregnancy dFA taking everyday ^e^OR95% CIOR95% CIOR95% CIOR95% CIOR95% CIAge  ≤ 251.00--1.00--1.00--1.00--1.00-- 26--301.100.69, 1.741.821.12, 2.81\*2.031.29, 3.21\*1.821.12, 2.81\*2.301.34, 3.96\* 31--351.020.53, 1.921.620.91, 2.862.701.48, 4.931.620.91, 2.861.570.79, 3.12  \> 351.330.51,3.421.940.85, 4.413.301.38, 7.881.940.85, 4.412.160.78, 5.94Region Yan an1.00--1.00--1.00--1.00--1.00-- Xi'an4.522.90,7.06\*0.370.24,0.58\*0.200.12,0.33\*3.092.07,4.60\*5.913.32,10.51\*Location City0.990.66, 1.510.780.54, 1.140.950.64, 1400.780.54, 1.140.810.47, 1.38 Suburb/rural area1.00--1.00--1.00--1.00--1.00--Education Junior high school or below1.00--1.00--1.00--1.00--1.00-- Senior high school/college1.691.02, 2.78\*1.150.71, 1.891.070.63, 1.811.150.71, 1.891.230.66, 2.28 Undergraduate or above3.191.61, 6.04\*0.960.53, 1.751.140.60, 2.170.960.53, 1.751.320.64, 2.73Husband education Junior high school or below1.00--1.00--1.00--1.00--1.00-- Senior high school/college1.130.69,1.841.160.72, 1.870.970.58, 1.631.160.72, 1.871.450.80, 2.61 Undergraduate or above1.550.84, 2,891.280.71, 2.281.280.69, 2.401.280.71, 2.281.340.67, 269Family income (per month)  ≤ 40001.00--1.00--1.00--1.00--1.00-- 4001--12,0001.370.89,2.091.230.82,1.830.880.57,1.351.230.82,1.831.490.93, 2.38  \> 12,0001.310.52, 3.261.380.66,2.840.810.39,1.681.380.66,2.841.560.72,3.37Pregnancy history No1.00--1.00--1.00--1.00--1.00-- Yes1.310.84, 2.050.940.40, 1.390.680.45, 1.020.540.35,0.84\*0.520.33, 0.82\*\**P* \< 0.05^a^ Women whose scores on the assessment of knowledge level were higher than or equal to 6. (*n* = 791)^b^ Women who planned to participate or had participated in premarital examinations. (*n* = 791)^c^ Women who planned to participate or had participated in pre-pregnancy examinations. (*n* = 791)^d^ women who started taking FA before pregnancy. (*n* = 643)^e^ women who have taken pills containing at least 0.4 mg FA every day without interruption during 3 months before pregnancy or the first trimester of pregnancy. (*n* = 643)

Discussion {#Sec12}
==========

Birth defects are influenced by different factors. Among these aspects, KAP is an integral part of primary prevention of birth defects. The attitude and practice of premarital and pre-pregnancy examinations, dietary habits, and drug intake of maternal women could affect their pregnancy outcomes. Moreover, KAP is not only an effective way to assess women's knowledge and behavior during pregnancy but also an essential means to promote and improve primary prevention measures. In this study, the knowledge level of the women at the childbearing age showed a lack of awareness in the total knowledge. The average score was lower than that of a previous survey conducted in Shaanxi, 2006 \[[@CR20]\]. Besides, the knowledge level was significantly different in women of different ages, educational level, and location. It was proved that younger women from the rural area with a lower educational level and income more likely lacked knowledge on periconceptional healthcare. Also, in Shaanxi, Zhang found that pregnant women who had better education demonstrated higher awareness of prenatal care and birth defects prevention \[[@CR18]\]. Therefore, combined with the previous studies, it was concluded that women at the periconceptional period have more cognition on prenatal care, but little improvement on preventive measures, especially taking FA during pre- and early-pregnancy was performed. Hence, several measures should be taken to strengthen the primary prevention knowledge, especially for rural areas, poor education and low-income women for promoting the understandability and multi-way health promotion education for improving the level of eugenic knowledge. These prevention measures should be particularly taken 3 months before pregnancy and the organogenesis during the pregnancy (week 3--8 of pregnancy for the CNS) for preventing birth defects \[[@CR21]\].

In this study, the majority of women at the periconceptional period took FA during pregnancy, but less than half (37.9%) took FA before pregnancy, and this was similar to the previous FA intake rate in Oregon, USA (33.2%) \[[@CR22]\], but was lower than Tianjin (40.4%) located in the northeast of China \[[@CR23]\]. In addition, 81.6% of women insisted on taking FA, but only 37.9% of them took FA regularly for 3 months before pregnancy. So, it was concluded that most women are clear regarding the importance of FA and are willing to take FA; however, they had an insufficient understanding of how to take FA. Furthermore, women tended to take FA regularly if they were older, living in urban areas or had no children, and higher education. Similar results were also found in America and Denmark \[[@CR24], [@CR25]\]. Tamim also found that women who had less number of pregnancies took FA more regularly \[[@CR26]\]. In this study, it was suggested that lower correct rate of FA supplementation (including starting time and supplementary dose) was consistent with lower knowledge awareness of FA supplementation, which was in agreement with other previous studies \[[@CR15], [@CR26]\]. Kim et al. also showed that lower awareness on the effect of FA reduced the behavior of FA proper intake \[[@CR15]\], and hence it was necessary to impart FA knowledge and benefits through health education or promotion, influencing the attitude and behavior of women during childbearing age. Other studies also demonstrated that planning for pregnancy had an impact on prenatal care, including maternal FA awareness, usage, and nutritional supplements \[[@CR27], [@CR28]\]. Hence, more specific FA intake knowledge and methods, especially the importance of pre-pregnancy FA usage, should be reinforced to the public with low education, low income and rural women.

As a protective factor, FA plays a crucial role in adverse pregnancy outcomes such as NTD and CHD prevention \[[@CR10], [@CR29]\]. However, low KAP level regarding the proper use of FA in women of Shaanxi may be a potential risk factor for causing these diseases, and similar results were found in the US \[[@CR30]\]. Besides, the previous study found that the average rate of birth defects in rural areas was higher than that in urban areas in Xi'an \[[@CR29]\]. In our study, women from rural areas and with poor education and family income tended to have lower KAP level, indicating that more attention should be paid on them to reduce the occurrence of adverse pregnancy outcomes. Nevertheless, our investigation on women at the childbearing age was just a cross-sectional study, and so the possible pregnancy outcomes were not obtained in the end. Whether the surveyed women with different KAP levels would directly influence the pregnancy outcomes still needs confirmation in the future.

The rate of premarital and pre-pregnancy examinations in our study was 50.2 and 62.5%, respectively, which was still lower compared with other developed countries \[[@CR19]\]. The three most common reasons for not participating in these examinations include "have done a physical examination, so don't need to undergo these examinations", "all families are healthy, so does not require these examinations", and "do not know how to undergo these examinations". It indicated that women at the childbearing age lacked awareness regarding the significance and importance of these examinations and prevention of pregnancy disorders. In China, since the mandatory premarital examination was abolished in 2003, the importance of regular check, especially before marriage and pregnancy examinations, has been diminished in public, followed by the concomitant declination of premarital examinations \[[@CR31]\]. Studies in Zhejiang and Jiangsu showed that the proportion of pre-marital records was decreased from 71.3 to 14.6%, and the rate of early pregnancy examinations was reduced from 64.0 to 50.0%. Moreover, it was considered that with the increased popularity of public physical examinations in recent years, the rate of participation in these eugenic examinations was reduced. In terms of influential factors, it was found that the educational levels were related to the participation rate of premarital and pre-pregnancy examinations \[[@CR18]\]. In consequence, more effective and comprehensive publicity should be carried out to focus on the necessity and importance of regular examinations of premarital and pre-pregnant periods as well as the differences between these checks and public physical examinations for women of childbearing age.

We need to acknowledge some limitations of this study. First of all, the loss of information was unavoidable during the follow-up of some participants because of changes in their phone number or residential address. In addition, we surveyed the KAP levels of 791 women at the periconceptional period in total, but some of their basic characteristic data were incomplete (e.g. the number of data obtained on age was 784), which resulted in some loss of information from the bivariate and multivariate analyses. Secondly, some of our respondents were enrolled from the hospitals, although the method of random sampling was adopted, the choice bias was challenging to avoid compared with the community population. Thirdly, the recall bias could not be eliminated completely due to limitations in the cross-sectional design, although a series of practical measures were used. Finally, while we included several important confounding factors, we cannot rule out potential residual confounding. For instance, we did not have access to individual characteristics such as ethnicity, floating population, and health insurance that may affect the outcomes.
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